Transposable elements and other sequences of repetitive DNA including microsatellite are usually subject to both DNA methylation and transcriptional silencing. However, anti-silencing mechanisms which lead to promote transcription in such regions are not well investigated. A recent genetic screening in Arabidopsis thaliana identified an anti-silencing factor, named Bromodomain and ATPase domain-containing protein 1 (BRAT1). This protein is involved in DNA demethylation through a valuable association between histone acetylation and transcriptional anti-silencing at methylated genomic loci. This involvement can be conserved in eukaryotes. Although protein acts as an anti-silencing factor, there is no previous study identifies its contribution in gene regulation under unfavorable conditions. This study was analyzed several molecular patterns of the respective gene including protein-protein interactions, Nuclear Localization Signals (NLS), Cis regulatory elements (CREs) and intron-mediated enhancement (IMEter) using recent bioinformatic data bases. Results showed protein-protein interactions between the respective gene product and other proteins are involved against abiotic stresses, the protein of this gene is localized in nucleus. Results were also observed several CREs of non-coding regions representing their roles as stresses-responsive factors, according to IMEter analysis, this response is expected to valuably present in Intron 1, suggesting experimental studies on mutant lines that contain insertions in their non-coding regions specifically intron 1of the underlying gene.
Introduction
DNA methylation is considered as an important chromatin modification which play roles in regulation of transposable element (TE) and transgene silencing, and to stabilize, imprint and regulate genome (1, 2) , DNA methylation in Arabidopsis thalianais enriched with TEs and other repetitive DNA sequences including microsatellites (2) .The concentration of DNA methylation can be either diluted other proteins are either involved in DNA methylation and demethylation or contributed in plant adaptation to unfavourable conditions.
Nuclear Localization Signal (NLS)
In order to predict the intracellular localisation of the proteinof respective gene (AT1G05910.1 or Brat1) in Arabidopsis, protein sequences were analysed using Support Vector Machine-based localization predictor (AtSuP) programme which has seven possible categories, nucleus, mitochondrion, chloroplast, cytoplasm, plasma membrane, golgi apparatus and plasma membrane.
The software analysis included four options namely Amino acid composition-based, Dipeptide composition-based, N-Center-C terminal based and Best hybrid-based classifier (AA+PSSM+N-Center-C+PSI-BLAST).
Introniccis element analysis
To identify cisregulatory elements (CREs) of AT1G05910.1, intronic regions of this gene were identifiedfrom TAIR (http://www.Arabidopsis.org/). The FASTA of this gene was obtained from NCBI (>NC_003070.9:1790216-1796715 Arabidopsis thaliana chromosome 1 sequence).To determine intronic cis regulatory elements, the sequence of each intron was filtered using the PLACE database (Database of Plant cis-acting Regulatory DNA elements; http://www.dna.affrc.go.jp/PLACE/). In addition, intron-mediated enhancement (IME) signals were obtained for each intron sequence using IMEter software (version 2.0) http://korflab.ucdavis.edu/cgi-bin/webimeter2.pl.
Results and Discussion

Protein-protein interactions
To determine whether the activities of the respective gene product (protein) directly affect enzymes are involved in epigenetic regulation namely DNA methylation and demethylation, abiotic stress such as drought, dehydration, heat, cold and lights. Protein-protein interactions in association with physical and biological activities were investigated using String bioinformatics software.
The results presented in Figure 1 , show strong protein links between the respective proteins and BRM, GTE6 and products of AT3G15120 in A. thaliana. BRM intermediates valuable interactions between the respective protein with five important drought-responsive proteins including Transcription factor MYC2, MYB2(18), DREB2A, ERD1 and RD22 (19) . Moreover, through methyl transferase 1 (MET1), the respective gene product is also interacts with many epigenetic modifiers such as CMT3, DRM1, DRM2, ROS4, DML1 and DML2 (18) . In a relevant study, it is revealed that the BRAT1 mediates DNA demethylation (active removal of DNA methylation) at a small set of loci targeted through the involvement of the 5-methylcytosine DNA glycosylase ROS1.Moreover, the action of BRAT1 as an anti-silencing protein is largely independent of DNA demethylation. These researchers were also demonstrated that the bromodomain of BRAT1 is able to bind to acetylated histone, which might consequently act an anti-transcriptional silencing protein (13) . Does this important involvement an anti-transcriptional silencing protein play roles in tolerations to abiotic stress? Previous studies have been demonstrated biological links between this protein and other epigenetic modifiers.
However, interactions between BRAT1 and other stress-responsive proteins haven't been documented yet.
Our results represent protein-protein interactions between the target proteins and BRM (is involved in stress response and phytohormone signalling, GTE6 (is involved in leaf development) and products of AT3G15120 (contribute in histone acetylation) in A. thaliana (20) (21) (22) (23) . This result indicates active contribution of the respect gene product to regulate epigenetic modification, plant development and importantly stress conditions. Furthermore, the Figure1 also identified important interactions of the studied protein with several important proteins including:-(I) Transcription factor MYC2, an enzyme is involved in response to oxidative stress and immunity in plant (24); (II) MYB2an enzyme is contributed to regulate the expression of dehydration-responsive genes (25),(III) DREB2A is another important protein that interacts with the respective protein through BRM, microarray and RNA gel blot analyses have been confirmed that the overexpression of transcriptional activation domain of DREB2Aled to significant drought stress tolerance in Arabidopsis plants (26),(IV) ERD1 that known to help the recovery of plants from drought stress and is involved in the biosynthesis of proline (27, 28) , (IVI) RD22, an enzyme linked to the dehydration-induced by Abscisic acid (29) . These findings opened a way for further investigations such as the contribution of regulatory region of introns of the respective gene against abiotic stresses.
Prediction of Nuclear Localization Signal (NLS)
To further investigate the action place of the respective gene product, we analyzed its active motifs and their localization in the cell. Prediction of nuclear localization signal showed similar patterns of amino acid residues ( Table 1 ). The analysis predicted the presence of NLS to the nucleus for the protein encoded by the respective gene. Moreover, all methods including Amino Acid composition based SVM, Dipeptide composition (sequence-order) based, N-Center-C terminal (3-parts) based, PSI-BLAST (similarity-search) prediction and AA+NCC+PSI-BLAST+PSSM (best hybrid) based were shown the localization of the respective gene product in the nucleus. Results from this analysis showed similarities between methods used to predict the localization of the respective protein. These results demonstrated nucleus localization of the BRAT1, which is predicted to be useful in understanding the functional variety of proteins involved in histone acetylation and DNA demethylation and subsequently in regulating responses against stress conditions, including the exact role of the target protein and its regulatory signals. A relevant review was stated that a specific nuclear signal transduction regulates expression of specific gene sets, which consequently leads to an appropriate response to stress conditions (30) . Interestingly, components of these pathways are subjected to post-translational modifications as well as epigenetic changes. Nuclear protein acetylation and/or deacetylation are important posttranslational modifications that play major roles in the regulation of gene expression (31) .
In light of this, in order to understand the precise localisation of this protein in response to unfavourable conditions, it would be important to experimentally study the subcellular localisation of BRAT1 protein, for example with techniques using green fluorescent protein (GFP) (32, 33) . These techniques will be valuable to understand mechanisms that modulate gene expression under different environmental conditions. Due to its link to epigenetic modifiers and its localization in nucleus, a precise analysis to determine regulatory elements in the non-coding region of this gene can be of interest.
Landscape of regulatory elements of AT1G05910.1
Following obtaining interesting predictions in regards to protein-protein interactions of the respective gene product and showing active localization (nucleus). We further analyzed Cis-regulatory elements (CREs) of the target gene.
Identification of known motifs in a given gene provides possible insight into the functional characterization of that gene and predicts potential co-expressed genes. The analysis presented here, describes the distribution of important cis elements that are contributed effectively against abiotic stresses of respective gene (6592bp). The distribution and locations of important motifs within regions of this gene are given in Error! Reference source not found.. In addition, intron sequences are also important in transcriptional regulation. In regards to the investigated elements, different motifs which regulate the transcription of genes are involved in controlling plants against unfavorable conditions were found for intron (10 introns) of the target gene. To identify the effective location of BRAT1 as an anti-silencing factor, all intronic regions of this gene were analyzed to demonstrate the distribution CREs in all introns and to identify the most effective (by sensing or signaling) fragment against abiotic stresses. The location, sequence length (bps) and Cis regulatory elements for each intron of the respective are given in Table. This table shows that the two longest introns are introns 6 and 7containing 513 and 417 base pairs respectively. However, the two shortest introns are identified to be introns 4 and 5 possessing 80 and 105 base pairs respectively. The highest numbers of CREs (87 and 65) are respectively found in introns 6 and 1. In contrast, both introns 4 and 9 are given the lowest of CREs occupying only 11 and 14 elements respectively.
AAAAAAAGAAAAAACGTTCGAAGAGGAAAAAAAAAAAAGAGGGAGAAGAG (+) GT1CONSENSUS [GRWAAW] (+) GT1GMSCAM4 [GAAAAA] (-) ACGTATERD[ACGT]
To further understand the richest intron with CREs, these elements are shown in percentage rates (Figure 3 ). 
Introns
The highest percentage of CREs are counted in intron 2 (20%) which follows by intron 6 (17%), 1 and 2 (16%). In order to determine which intron is likely enhances gene expression; we calculated the intron-mediated enhancement (IMEter) for each intron. The higher the IMEter the score, the more likely the intron is expected to enhance expression (34) . Our results show that the intron 1 and 10 are given the highest IMEter score (20.8 and 8.0 respectively), demonstrating most likely gene expression enhancer. Whereas, the smallest score of IMEter (1.2) was shown by intron 9 (Figure 4 ). CREs such as enhancers and promoters are regions/sequences of non-coding DNA that regulate gene expression. Mutations that affect the function of these regions/sequences may lead to phenotypic diversity within and between species (35, 36) . Motifs that are common to the promoters of several genes may represent a key signature for a family of co-regulated genes with such motifs usually being involved with a variety of complex interactions with transcription factors (37) . Additionally, single motifs may bind different transcription factors thereby bringing genes under multiple regulatory controls. A recent study was found active contribution of de novo mutations in regulatory elements of non-coding region (introns) to the neuro-developmental disorders, This set of genetically heterogeneous of disorders might play roles to combine functional and evolutionary evidences, which is important to identify regulatory causes of genetic disorders such as fetal brain diseases (38) .In the current study, we determined regulatory region of introns of the respective gene in order to understand its possible roles against abiotic stresses as well as evolutionary patterns. CREs analysis shows the presence of (GT1CONSENSUS, GT1GMSCAM4), these elements are light and salinity-responsive factors (39) (40) (41) . In addition, CCAATBOX1 is involved cooperatively with heat shock elements (HSEs) to increase adaptations to heat shock (42, 43) .ZDNAFORMINGATCAB1 is also involved in light-dependent developmental expression of the gene (44) . LTRE1HVBLT49 is a cold-responsive element (45, 46) , which we found in the intronic regions of the respective gene sequence Within this sequence, ACGTATERD1 factor containing (ACGT) was found, this sequence is required for etiolation-induced expression of early responsive to dehydration (erd1) which is actively involved in the upregulation of gene expression under water stress conditions (47) . All elements including MYB2CONSENSUSAT, MYBCORE, MYB2AT, MYCATRD2, MYCATERD1 and DRE2COREZMRAB17 that they belong to MYBs were determined in the non-coding regions specifically introns of the target gene. Previous studies recognized that MYB site was found in the promoters of the dehydration-responsive gene (rd22) Arabidopsis. Furthermore, binding site for all animal MYB and Arabidopsis MYB proteins including ATMYB1 and ATMYB2 are involved in regulation of genes that are responsive to water stress (48) (49) (50) (51) (52) (53) . These results indicate the presence of several elements that are valuably involved in gene regulations under abiotic stresses such as light, salinity and drought. In order to investigate the distributions of regulatory elements within intronic regions of the target gene, the highest percentage rate of such elements were found in intron 2 followed by intron 6 and 1 respectively. This finding followed by further investigation including IMEter, this analysis shows the positive effect of introns on gene expression in which introns with higher IMEter score represents higher potential on gene expression (14) . Results showed that intron 1 possesses higher score in comparison with other introns; this means the most effective non-coding region of the respective gene is intron 1. Moreover, any mutation such as insertion within this sequence can be much valuable than other regions.
In conclusion, presumably, this gene is involved in epigenetic regulations and specifically establishing a link between histone acetylation and DNA demethylation leading anti-silencing transcriptions. Protein-protein interaction demonstrated vital links between the respective gene and others that are stresses-responsive. The
